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蛋白 GFP 与红色荧光蛋白 mCherry 为荧光报告蛋白，将细胞株筛选流程可视化；





三种细胞在 BTX Agile Pulse™ MAX 中的转染效率分别由 5%左右提高至
80.27%、59.20%、52.60%，满足稳定细胞株筛选的需要。本研究选用转染效率
最高的 CHO-S 细胞作为宿主细胞。 
为进一步提高细胞株筛选效率，本研究对筛选过程中嘌呤霉素与甲氨蝶呤
（Methotrexate，简称 MTX）的加压浓度进行梯度摸索，获得最佳药物浓度范围。




将电穿孔法转染 48 小时后的细胞接种于 96 孔板内，21 天后进行 ELISA 检测。
挑选产量大于0.3 mg/L的候选细胞群体进行放大培养，经过 14天流加培养评估，
筛选出 5 个产量大于 40 mg/L 的候选细胞群体。增加嘌呤霉素与 MTX 的浓度，
对这 5 个候选细胞群体继续加压筛选，获得 5 个产量大于 100 mg/L 的细胞群体。






































A large amount of antibodies are needed since our lab have acquired numerous 
pharmaceutical antibodies against viruses such as Hepatitis B virus, Human 
respiratory syncytial virus and influenza virus. While proteins expressed by transient 
expression are always different in batch cultures, there is a need for stable cells to 
provide consistently stable products to the global market. 
The aim of the dissertation project is to construct engineered CHO cell lines for 
stable and high production of recombinant proteins. We have already acquired CHO-S, 
CHO DG44, CHOK1 as candidate host cells. CHO-S is suspended and it is a 
widely-used host cell line in recombinant protein expression. Cells were screened 
with the increasing concentrations of puromycin and methotrexate. The study focused 
on the fast generation of high-productive CHO cell lines. Previously, more than 6 
months were needed before we got the suspended candidate cell lines. After changing 
the way of transfection and optimizing the screening flowchart, the cadidate cell lines 
could be achieved in approximately 15 weeks.  
The selection flowchart was demonstrated by GFP and mCherry inserted in the 
plasmid pNIDVD-GFP&mCherry. Puromycin and methotrexate were acting on 
selection markers Pac and dhfr in the plasmid, respectively. The results described a 
fact that adding both puromycin and MTX could enhance the expression efficiency of 
recombinant proteins. 
Electroporation was used as the transfection method instead of traditional 
transfection method, PEI, and after optimization, the transfection efficiency could 
arrive at 80.27% for CHO-S cells and that was sufficient for commercial production, 
which boost the efficiency of selecting cell lines. 
For protein production, we chose a pharmaceutical humanized antibody, 
E6F6hAb-162, against HBV, and proteins produced by these cell lines were to be 
analysed in preclinical study. Finally we obtained 4 highly expressed cell lines and the 
yield was up to 225.12 mg/L. The study will contribute to further study of stable cell 
















Overall, this study has constructed a novel method of fast generation of highly 
efficient CHO cell lines, which shorten 1/3 of the construction time comparing to the 
traditional method. 


















缩写 英文名称 中文名称 
FDA Food and Drug Administration 食品药品监督管理局 
CFDA China Food and Drug Administration 国家食品药品监督管理总局 
HBV Hepatitis B Virus 乙型肝炎病毒 
mAb Monoclonal antibody 单克隆抗体 
hAb Humanized antibody 人源化抗体 
Ig Immunoglobulin 免疫球蛋白 
HAMA Human Anti-mouse Antibody 人抗鼠抗体 
PCR Polymerase Chain Reaction  聚合酶链式反应 
ELISA Enzyme-linked Immunosorbent 
Assay 
酶联免疫吸附测定 
HRP Horseradish peroxidase 辣根过氧化物酶 
HBsAg Hepatitis B Surface Antigen 乙肝表面抗原 
CHO-S Chinese Hamster Ovary(Suspension) 中国仓鼠卵巢细胞（悬浮） 
FBS Fetal bovine serum 胎牛血清 
DMSO Dimethyl Sulfoxide 二甲基亚砜 
PEI Polyethylenimine 聚乙烯亚胺 
GFP Green Fluorescent Protein 绿色荧光蛋白 
P-F68 Pluronic F-68 嵌段式聚醚 F-68 
SFM Serum-free Medium 无血清培养基 
H&T Hypoxanthine & Thymidine 次黄嘌呤和胸腺嘧啶核苷 
VCD Viable Cell Density 活细胞密度 
MTX Methotrexate 甲氨蝶呤 
DHFR Dihydrofolate Reductase 二氢叶酸还原酶 
GS Glutamine Synthetase 谷氨酰胺合成酶 
















CMV Cytomegalovirus 巨细胞病毒 
pA Polyadenylation 多聚腺苷酸尾 
ORF Open Reading Frame 开放阅读框 





































假说，并对其进行实践并且应用于梅毒治疗。由于这项工作，Paul Ehrlich 在 1908




































化抗体进一步减少了鼠源部分的比例，降低 HAMA 反应。 
 
表 1.1 人源化抗体与全人源抗体制备方法优缺点比较[6] 
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